summarY: We analyzed the gonadosomatic (Gsi) and hepatosomatic (Hsi) indices, reproductive condition and biochemical composition of the digestive gland, gonads and claw muscle of the Patagonian stone crab over a one-year period. in females, the maximum Hsi occurred in spring (gonad recovery period) and summer (maximum maturity period). the maximum female Gsi values were found in summer, and fell to minimum values in fall and winter. in males, the highest Gsi was observed during winter, which coincided with a non-mating period. the claw muscle biochemical composition did not significantly differ between seasons for either sex, except for the significantly lower glycogen content observed in winter relative to fall and summer in males. For both sexes, the claw muscle contained 72.4 to 81.2% moisture, 12.3 to 19.8% protein, 0.3 to 1.0% fat, 1.1 to 2.7% ash and 0.1 to 1.4% glycogen. in both sexes, the digestive gland was the main storage site for lipids. in the ovary, lipid and protein contents were higher in spring and summer, and decreased to significantly lower values after spawning. moisture showed the opposite pattern and neither glycogen nor ash contents showed significant differences between seasons. the biochemical composition of the testes-vasa deferentia complex did not show significant seasonal fluctuations, except for higher moisture content in fall compared to summer and spring.
introDuCtion seafood products are currently in high demand as they are considered healthy and nutritional (Leu et al., 1981; Connor and Lin, 1982; King et al., 1990; skonberg and Perkins, 2002) . as a result, capture of marine shellfish has increased exponentially during the last century, and now exceeds 13 million t (Fao, 2008) . marine brachyurans (true crabs) represent one tenth of this total (1.38 million t in 2006) (Fao, 2008) .
in spite of their economic potential, brachyurans such as the Patagonian stone crab Platyxanthus patagonicus a. milne-edwards are still poorly targeted in some regions (Baltz and Horst, 1992; Chauvet and Kadiri-Jan, 1999) . this species has been virtually unexploited to date despite its wide latitudinal (29° to 47°s along the atlantic coast of south america) (nakamura et al., 1986; melo, 1990; Boschi et al., 1992) and bathymetric (0 to 155 m depth) (nakamura et al., 1986) distribution and its large size (up to 146 mm in carapace width and almost 1 kg in total fresh weight). Like other members of the Xanthoidea (such as stone crabs), mature males of this species have large chelae in comparison to females, making them a suitable target for "claw exploitation" (restrepo, 1992; Carsen et al., 1996) and for the production of specialty fresh and frozen products (abugoch et al., 1996) . However, very little is known about the species' biology (Carsen et al., 1996; Leal et al., 2008) and no information is available on its biochemical composition.
Knowledge of crustacean biochemistry and metabolic processes throughout the year not only improves the understanding of the most relevant physiological processes, namely reproduction and growth, but also facilitates processing, utilization and marketing of value-added products (skonberg and Perkins, 2002) . For this reason, biochemical changes in the gonads, digestive gland and muscle during maturation, molting and reproduction have been examined in many species of decapod crustaceans (Gehring, 1974; read and Caulton, 1980; Du Preez and mcLachlan, 1983; Galois, 1984; Wheaton and Lawson, 1985; Castille and Lawrence, 1989; Cifuentes and Quiñinao, 2000; Gökoðlu and Yerlikaya, 2003; Felder, 2005, 2006) . the objective of the present work is to describe the seasonal fluctuations of the biochemical composition of the gonads, digestive gland and claw muscle of P. patagonicus, and relate them to the physiological condition of the gonads throughout the reproductive cycle. results reported here improve the understanding of the physiology and biochemistry of this and other brachyuran species.
materiaLs anD metHoDs
Hard shelled Patagonian stone crabs were collected monthly from november 2004 to october 2005 in nuevo Gulf (argentina, 42º-43ºs, 64º-65ºW) between the 30 and 50 m isobaths using baited collapsible traps that were left overnight. after capture, crabs were taken alive to the lab, classified according to sex, weighed with a mettler P3n balance to the nearest 1 g, measured with a Digimess electronic caliper to the nearest 0.1 mm in carapace width (CW), and staged according to the maturity scale developed by Leal et al. (2008) for the species after careful removal of the carapace. Crabs infested by rhizocephalan parasites were excluded from the samples. monthly sub-samples of 7 to 11 maturesized individuals from both sexes (CW>90 mm for males; CW>64 mm for females) were randomly selected from each batch. Crabs were placed upside down for 20 minutes to allow drainage of body fluids, and then the ovary, testes-vasa deferentia complex, digestive gland and claw muscle were dissected and removed from the crabs and weighted with a mettler PC 440 Delta range® electronic balance. the gonadosomatic (Gsi) and hepatosomatic (Hsi) indices were calculated from these data as: Gsi = wet weight of the ovary / whole crab wet weight (in females), Gsi = wet weight of the testes-vasa deferentia complex / whole crab wet weight (in males), Hsi = wet weight of the digestive gland / whole crab wet weight.
the biochemical composition of the gonads, digestive gland and claw muscle was analyzed separately using monthly pooled samples of males and females. moisture content was determined by drying at 100ºC to a constant weight (aoaC, 1980) ; protein content was established using the Lowry method (Lowry et al., 1951) ; lipid content was estimated by extraction with ethylic ether in a soxhlet system (aoaC, 1980) ; glycogen content was determined by colorimetry using the antrhone reagent according to the method described by Fraga (1956) , and ash content was obtained as the difference between constant dry weight of tissues and the weight of the tissues after incineration in a furnace at 550ºC. analyses were performed in duplicate. results were expressed as the averaged percentage of each biochemical component relative to the wet weight. the energy content in the different tissues of the crabs was estimated by converting the protein, lipid and glycogen contents to their equivalents in Kcal/g, employing rubner's coefficients (Winberg, 1971) .
Condition indices (Gsi and His) were compared between sexes with the mann-Withney u test, and between seasons using the Kruskal-Wallis and t statistic tests for comparing pairs of treatments (Connover, 1999) . the biochemical composition was compared between: 1) different seasons for each organ/tissue and sex, 2) different organs/tissues for the same season and sex, and 3) different sexes for the same organ/tissue and season, using the same statistical tests as for the condition indices. statistica 6.0 and electronic spreadsheets were used for calculations.
resuLts the Gsi and Hsi showed significant differences between seasons, both for females and males ( Fig.  1 ). in females, the Gsi was significantly higher in summer compared to the other seasons, and was also higher in spring relative to fall and winter (Fig. 1) . However, the male Gsi was higher in winter than in the other seasons (Fig. 1) . in females, the Hsi was higher in spring and summer, compared to fall and winter, while in males fall was the only season that showed a significantly lower His compared to the rest of the seasons (Fig. 1) .
the biochemical composition of P. patagonicus showed different patterns of seasonal variation depending on the organ/tissue, sex and component analyzed (Fig. 2) . in female gonads: 1) lipid content was significantly higher in spring and summer than in fall and winter; 2) moisture content showed the opposite pattern; 3) protein content was significantly higher (left) and male (right) Platyxanthus patagonicus in different seasons of the year. squared marks: median; box: range. Different/equal capital letters on top of the box plots represent significant/non-significant differences (Kruskal Wallis test, P<0.10 and t statistic test comparisons between pairs of treatments, P<0.05) between seasons for each combination of organ/tissue and sex; different/equal lower-case letters represent significant/non-significant differences (Kruskal Wallis test, P<0.10 and t statistic test comparisons between pairs of treatments, P<0.05) between organs/tissues for each combination of season and sex; Different/equal numbers represent significant/non-significant differences (mann and Whithney u test, P<0.05) between sexes for each combination of organ/tissue and season.
in spring and summer than in winter; and 4) ash and glycogen contents did not show significant seasonal variations (Fig. 2) . the seasonal mean lipid content showed a high positive correlation with that of protein (r = 0.80). in the female digestive gland: 1) the lipid content did not show significant seasonal differences; 2) the moisture content showed significant differences between all seasons except for spring, in which the largest variability was observed; and 3) glycogen was only significantly higher in summer (Fig. 2) . the biochemical composition of female claw muscles did not show significant seasonal differences (Fig. 2) . the most interesting findings of the comparison between the biochemical composition of female organs/tissues were that: 1) lipid and ash contents in the digestive gland were significantly higher than in the ovary and claw muscles in all seasons, and 2) glycogen content did not show significant seasonal differences between organs/tissues, except for the higher values observed in the digestive gland and claw muscle in relation to the gonads during summer (Fig. 2) . in male P. patagonicus: 1) the testes-vasa deferentia complex showed no significant seasonal differences in biochemical composition, except for the higher moisture contents observed in fall compared to summer and spring; 2) the digestive gland displayed no significant seasonal differences in biochemical composition, except for the lower glycogen content in spring relative to summer, and in winter relative to fall; and 3) male claw muscles showed no significant seasonal differences in biochemical composition, except for the lower glycogen content in winter relative to fall and summer (Fig. 2) . the most prominent results of the comparison between the biochemical composition of male organs/tissues were that: 1) the protein content in testes-vasa deferentia complex was significantly higher than that of the claw muscle in winter and summer, and the protein content of the digestive gland was lower than that of the other organs/tissues in all seasons; 2) the lipid content in the digestive gland was higher than that of the other organs/tissues in all seasons, the glycogen content was significantly higher in fall and winter, and moisture content was significantly lower in fall and winter; and 3) overall, moisture content in male claw muscles was higher than in the other organs/tissues, but no significant differences were observed in relation to the gonads in spring and summer, ash content was significantly lower than that in the other organs/tissues in all seasons, and lipid content was also significantly lower, except for the summer (Fig. 2) .
the comparison of the ovary and the testes-vasa deferentia complex showed that: 1) the lipid content in the ovary was significantly higher in all seasons; 2) ash content displayed the opposite pattern; 3) glycogen content did not show significant differences; and 4) protein and moisture contents showed significant differences only in some of the seasons (Fig.  2) . the comparison of the digestive gland from both sexes revealed that: 1) the lipid and protein contents Fig. 3 . -seasonal energy content in different organ/tissues of female (left) and male (right) Platyxanthus patagonicus. squared marks: median; box: range. Different/equal capital letters on top of the box plots represent significant/non-significant differences (Kruskal Wallis test, P<0.10 and t statistic test comparisons between pairs of treatments, P<0.05) between seasons for each combination of organ/tissue and sex; different/equal lower-case letters represent significant/non-significant differences (Kruskal Wallis test, P<0.10 and t statistic test comparisons between pairs of treatments, P<0.05) between organs/tissues for each combination of season and sex; Different/equal numbers represent significant/non-significant differences (mann and Whithney u test, P<0.05) between sexes for each combination of organ/tissue and season.
did not show significant differences in any season; 2) the glycogen content was significantly higher in males in all seasons except summer; and 3) the ash and moisture contents were significantly higher in males in fall and winter respectively (Fig. 2) . the biochemical composition of the claw muscle showed no significant differences between males and females, except for higher levels of ash, and lipid and glycogen contents in females in winter, fall and summer respectively (Fig. 2) .
the energy content of the ovary was significantly higher in spring compared to winter, and in summer relative to both fall and winter, while in the testesvasa deferentia complex it was only higher in summer relative to fall (Fig. 3) . no significant differences in the energy content of the digestive gland were found between sexes or between seasons in either sex (Fig.  3 ). in addition, no significant seasonal differences in claw muscle energy content were found in either sex, except for a higher content in summer compared to fall in females. Claw muscle energy content did not show significant differences between sexes in any season (Fig. 3) .
DisCussion
Fluctuations in the Gsi and Hsi in female P. patagonicus reflect the physiological changes associated with the reproductive cycle: 1) both indices had high values in samples dominated by females with recovering and mature ovaries (spring -summer); 2) the decrease in their values from summer to fall matched the spawning period; and 3) their high values in spring compared to winter coincided with the rising proportion of females with recovering and mature ovaries from winter to spring. although the joint seasonal fluctuation of Gsi and His did not reflect a phase-lag between the two indices during ovary maturation, like that found in other crustaceans (Kyomo, 1988; Castille and Lawrence, 1989; Haefner and spaargaren, 1993; Chu, 1999) , the seasonal resolution of our analysis may not have been adequate to detect this pattern. Gsi has been used to detect both steady and seasonally fluctuating spermatogenesis and spermatic content storage in crustaceans (sastry, 1983; Kyomo, 1988; minagawa, 1999; swiney and shirley, 2001) . in contrast to the female Gsi, the Gsi of male P. patagonicus showed little seasonal fluctuation, with significantly higher values only in winter, which matched a nonactive period (Leal et al., 2008) . this contrasting behavior of the Gsi is relevant for understanding, at least in part, the seasonal patterns of the biochemical composition of both sexes.
the most noticeable changes in moisture, lipid and protein contents occurred between summer and fall, which matches the spawning period (Fig. 2) . the most prominent patterns associated with the reproductive cycle of female P. patagonicus are the high lipid and protein content and low moisture content during the periods of gonad recovery and maximum maturity (spring-summer), and the low protein and lipid content and high moisture content during the seasons with the highest frequency of spent ovaries (fall and winter). However, the higher lipid content found in the digestive gland in spring in comparison to winter may reflect an active accumulation of this compound in spring in response to the accelerated metabolism and feeding due to rising seawater temperatures during this season; the lipids may be transferred to the ovary during vitellogenesis, as reported by Heath and Barnes (1970) and Haefner (1994) for other crustaceans.
it was more difficult to establish a relationship between the reproductive cycle and biochemical composition in males than in females, as all adult male P. patagonicus sampled in this study were either mature or in the gonad recovery stage in all seasons. High protein content in comparison to the other organs/tissues suggests that this component plays an important role in male gamete formation. Jeyalectumie and subramoniam (1991) obtained a similar result for the portunid crab Scylla serrata de Haan.
in this study, the lipid content of the digestive gland in both sexes was significantly higher than in any other organs/tissues analyzed (7.6 to 18.1% and 8.1 to 14.9% of the wet weight for males and females respectively). Lipids accounted for no more than 1 and 4% of the wet weight of the claw muscle and testes-vasa deferentia complex respectively, which suggests that the digestive gland may act as a reservoir for lipids. a similar pattern was reported by Heath and Barnes (1970) for the european green crab (C. maenas) and by Gökoðlu and Yerlikaya (2003) for the blue crab (Callinectes sapidus rathbun). ash content was particularly high in the digestive gland of P. patagonicus (up to 9.1 and 8.1% of the wet weight in females and males respectively), especially if compared with that reported for other species (Küçükgülmez et al., 2006) . the biochemical composition of the claw muscle of P. patagonicus is comparable to that of several other brachyurans (table 1) . Based on our results, this species can be characterized as having low-fat meat, high protein content and stable energy content throughout the year, both in males and females. in this work the relationships that stand out most are those between the biochemical composition and reproductive condition. However, other physiological processes like molting and feeding may also affect the biochemical composition. therefore, these should be analyzed in the future to improve the current understanding of the dynamics of the physiological trade-offs in the Patagonian stone crab.
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